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The invention is based on a method for compressing data, as generically defined 
by the preamble to the main claim. In the run-length encoding method (RLE method), a 
method for data compression is already known in which no data los^ccurs. This method 
is used for example with so-called PCX data. The aim of the mejiiod is to combine 
repeating data elements and to store them along with the numoer of repetitions. If the data 
elements are bytes made up of eight bits, then the compre/reion occurs in such a way that 
bytes up to a value of 63 which do not repeat are storeia uncompressed; the two highest 
bits must have the value 0. Bytes with a value between 64 and 255, as well as bytes 
between zero and 63 which repeat, are stored eip)ded in a data element made up of two 
bytes. Li the first byte in this instance, the hi^est two bits are set equal to one. The 
subsequent bits indicate the repetition facpr for the second byte. In this method, it is 
disadvantageous that for individual byt^ with a value between 64 and 255, the storage 
space requirement is doubled, hi anJmfavorable case, compression using the RLE method 
can result in the required storageipace being greater after compression than before 
compression. Also known for / data compression is the Lempel-Ziv algorithm, in which a 
data sequence to be compre^ed is tested for repetitions of partial sequences, repeating 
elements are stored in a c/de table, and the partial sequences are replaced by an assigned 
code symbol. A table o/ an unknown size must be set up for the decompression. 




25 The method according to the invention, with the featrn^ of the main claim, has 

the advantage over the prior art that the information as to/^ether a data element is stored 
in a compressed or uncompressed form is stored in ^mher additional data element. This 
makes it possible to use the compression method^cording to the invention for all data 
elements, independent of their value, since no^dditional compression information must 

30 be contained in the individual data element themselves. It is also advantageous to 
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embody the compression as dependent upon preceding and subsequent data elements, 
since this permits a particularly effe^fve compression. 



Advantageous modifications and improvements of the inethod disclosed in the 
main claim our possible by means of the steps taken in the dependent claims. It is 
particularly advantageous that multiple identical data elements that repeat in sequence 
with one another are counted and stored with a repetitiem factor in the manner according 
to the invention. The repetition factor can then assun?^ a maximal value of the data 
element since the information as to whether the dam element is stored in a compressed or 
uncompressed form is stored in a different data ^lement. It is also advantageous to store 
the compressed or uncompressed data elemen^ in a storage region provided for this and 
to store the data element, which contains th/information as to which data elements have 
been stored in a compressed or imcompre^ed form, in a different storage region since 
this storage permits an effective access jo the data elements. With sequences of data 
elements which exceed a predetermiimble size, it is also advantageous to execute a 
storage in different data packets. result, even graphics which require a great deal of 
storage space can be broken downrinto data packets whose size, for example, is optimally 
adapted to the sector size of a dsfta storage medium or the data packet size is adapted for 
transmission via an interface ix via the Intemet, e.g. via e-mail. 

It is also particularly advantageous to provide a method for decompression of the 
data elements which have been compressed according to the invention. The 
decompression method here has the advantage that the data elements stored in a first 
region contain information as to which of the data elements stored in the second region 
are stored in a compressed or uncompressed form. A simpler processing of the data in 
comparison to the prior art is thus possible because for example with the RLE method for 
PCX data, it is not possible for their to be a separation of this kind and the information as 
to whether a data element is stored in a compressed or uncompressed form is stored 
directly with this data element. 



It is also advantageous to execute a decompression of a number of data packets 
connected to one another since this permits the data sequence extracted from the data 
packets to be arbitrary in size. 

It is also advantageous to use the above-mentioned method preferably for 
compressing and decompressing image data. For decompression, it is advantageous to 
provide a device which is connected to a calculating unit and a display device. The 
decompression method, which is rapid and favorable in terms of required storage space, 
makes it possible to read information stored in a storage unit, where for example the 
storage unit is a part of the calculating unit, by means of a decompression unit and to 
display it with the aid of the display device. A particularly advantageous application is to 
provide the decompression device for a freely programmable combination ins^tTiment in a 
motor vehicle. Because in particular for the instrument display in a motor vehicle, a 
graphic depiction with the simplest structure possible must be chosen, if only for the sake 
of clarity. As a result of this simple structure of the image data to be displayed, repetitions 
of identical image elements and therefore also repetitions of identical data elements are 
particularly frequent. The compression and decompression method according to the 
invention can therefore be used in a particularly efficient manner. As a result, both the 
storage space requirement and the costs that it involves can be reduced for a freely 
programmable combination instrument. Furthermore, a relatively slow storage device is 
generally used for storing images in a freely programmable combination instrument. But 
with highly compressed images, the storage access time has significantly less effect than 
with images which are stored in an uncompressed form. With a sufficiently high 
processing speed and a slow storage device, compressed images can therefore be 
displayed faster than uncompressed images because these uncompressed images require a 
greater storage region. 

It is also advantageous that a single bit is selected as a base element and 
determines whether a data element is stored in a compressed or uncompressed form. As a 
result, in the worst case scenario, the data quantity is only increased by one bit per 



uncompressed data element. By contrast, in the RLE method for PCX data mentioned in 
the prior art, an increase in the data quantity by one byte, i.e. by eight bits, occurs when 
data elements are stored in an uncompressed form, A temporary storage, e.g. in the form 
of a code table of the kind required with the Lempel-Ziv algorithm, is not required. Two 
registers are sufficient for the decompression: a first register for a data element to be 
decompressed and a second register for the data element which contains the information 
as to whether the data element in the first register is stored in a compressed form. An 
additional volatile memory is not required. 



Exemplary embodiments of the invention are shown in the drawings and will be 
explained in detail in tiie subsequent description. 
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Fig. 1 



shows a structure of a data packet according to the invention. 



Fig. 2 



shows an embodiment of a data packet according to the invention. 



Fig. 3 



shows a decompression device according to the invention, with a display 
device connected to it and a calculating unit. 




shows a course of the method according to the invention for compressing a 
sequence of data elements, 



Fig. 5 



shows a course of the method according to the invention for 
decompressing a data packet. 
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Fig. 1 shows a data packet 10 which contains data that have been compressed in 
the manner according to the invention. The embodiment of the data packet in Fig. 1 is an 
example for the structure of a stored data packet 10. The data packet 10 has a first region 
1 1 and a second region 12. The second region 12 is comprised of at least one word 13. A 
word 13 is comprised of a first data element 14 and a second data element 24. For the 
depiction in Fig. 1, a word 13 with two data elements 14 and 24 in the second region 12 
has been highlighted. 

In the exemplary embodiment, the first region 1 1 is also comprised of one word 
with two data elements. The data elements can thus be divided into base elements. In Fig. 
1, a data element 20 is shown divided into a number of individual bas^ elements 15. A 
base element 15 is highlighted in the drawing by means of a dashed firame. Each base 
element 15 of the data elements in the first region 1 1 is clearly associated with a word 13 
in the second region 12. By way of example, the Fig. shows three associations 16, 17, 18 
between base elements in the first region 1 1 and words in the second region 12. The 
association between the highlighted base element 15 and the highlighted word 13 is 
explained below: depending on the value of the base element 15, the associated word 13 
is in a compressed or uncompressed form. If it is in the uncompressed form, then the two 
data elements 14, 24 of the associated word 13 are uncompressed data elements of a 
sequence of data elements which was initially to have been compressed. However, if the 
word 13 is in a compressed form, then the associated first data element 14 contains a 
repetition factor for how often the second data element 24 should now be repeated in a 
decompression aimed at restoring the original data sequence. 

The data elements in the first region 1 1 and the second region 12 are preferably 
similar and the same size. However, this is not absolutely necessary. Thus for example, 
the data elements in the second region can be divided into base elements differently than 
those in the first region 11. 



Fig. 2 shows a data packet 100 which represents a particular embodiment of the 
data packet 10 from Fig. 1. The data packet has a first region 1 10 and a second region 
120. The first region 110 and the second region 120 are each comprised of similar words, 
all of which are in turn comprised of two respective data elements. The data elements 
associated with one word are disposed next one another in the figure. Each data element 
is in turn comprised of eight bits. Each bit can either assume the value "0" or "1". 

In the exemplary embodiment, the first region 1 10 is comprised of precisely one 
word. The second region contains 16 words, all of which are not shown in the Fig. for the 
sake of clarity. When their value is not explicitly indicated, the bits in the first region 110 
are indicated with the labels Kl to K16 and the bits in the second region are indicated 
with labels between DlOl and D1616. The last two positions of the labels DlOl to D1616 
relate to an association with one of the bits Kl to K16. The value of these bits can 
arbitrarily be either "1" or "0". 

A first base element 1 1 1 in the first region 1 10 is explicitly indicated, with an 
associated first word 121 in the second region 120, which word has a first data element 
1211 and a second data element 1212. In addition, a second base element 1 12 in the first 
region is explicitly indicated, with an associated second word 122 from the second region 
120, which word has a first data element 1221 and a second data element 1222. 

The individual bits of a data element, for example of the second data element 
1222, can be interpreted as individual digits of a binary number. Thus clearly each data 
element can be associated with a whole number in the range from zero to 255 (255 = 2 - 
1). The second data element 1222 can therefore be clearly associated with the number 33. 
Furthermore, it is possible in tum to associate this number with a graphic character or a 
screen character, for example by means of the ASCII code, the ANSI code, or any other 
code. 

In the exemplary embodiment selected, the base element 1 1 1 in the first region 
1 10 now has a value zero. In the selected exemplary embodiment, this means that the 
associated word 121 is understood to be uncompressed. This means that the data elements 



1211 and 1212 are not compressed. During the restoring of the data sequence in the 
context of a decompression of the data packet 100, at this point, the data element 1211 
with the value 1, or 00000001 as a binary number, is now added to the data sequence that 

has been produced thus far. Then the data element 1212 with the value 255, or 11111111 
as a binary number, is added to the data sequence produced thus far. 

In the selected exemplary embodiment, the second base element 1 12 has the value 
1. The second word 122 is thus understood to be compressed. In this case, the second data 
element 1222 predetermines the repetition factor for the first data element 1221. Since the 
second data element 1222 is associated with the value 33, this means that during 
decompression of the data, the first data element 1221 must be added 33 times to the 
partial sequence produced up to this point. Then the process is continued with the base 
element labeled K6 in the first region 110 and the associated word, which is not shown in 
the drawing, until the data packet has been completely processed and the original data 
sequence has been restored. 

It is likewise possible to consider the first data element 1221 as a repetition factor 
for the second data element 1222. This must be clearly established before a compression 
and decompression. 

Fig. 3 shows a decompression device 30 with which the method according to the 
invention can be executed, in connection with a calculating unit 31, a memory 34, an 
image memory 32, and a display unit 33. This selected exemplary embodiment can 
preferably be used in a motor vehicle and is used in particular for displaying operating 
data of the vehicle. By means of sensors and measuring instruments that are not shown, 
the calculating unit 31 determines the engine speed, the cooling water temperature, and/or 
the vehicle speed, for example. The calculating unit then causes a display image to be 
output, for example, a display image of a speedometer that corresponds to the vehicle 
speed detected by the sensors. The output takes place in such a way that the calculating 
unit 31 sends the decompression unit 30 m instruction to decompress the appropriate 



image from the memory 34 and to store it in the image memory 32. The image memory 
32 is queried at predetermined time intervals by the display unit 33, which causes the 
image data stored in the image memory 32 to be displayed on the display unit 33. The 
display is preferably a liquid crystal display, but can also be a CRT (cathode ray tube) or 
an FED (field emission display). Whereas the image memory 32 is preferably a volatile 
memory, the memory 34 is a non- volatile memory such as a semiconductor component 
with permanently stored data or a magnetic and/or optical data storage device. The 
decompression device 30 is preferably embodied as a semiconductor component or as a 
part of a semiconductor component with a permanently stored program. It can be 
embodied as either a microcontroller or a microprocessor. 

Fig. 4 shows a method according to the invention for a compression of data from a 
data sequence. In a first step 60, the process is initiaUzed and the data sequence is 
supplied for processing. The data sequence is thus in a form in which there is a clear 
order of data elements. In a subsequent, second process step 61, a new, first region of a 
data packet is initialized. Also, a first data element of the data sequence is established as a 
current data element. In addition, a first base element in the first region of the new data 
packet is established as a current base element. In a subsequent, first decision step 62, a 
check is made as to whether the end of the data sequence has been reached. If the end of 
the data sequence has been reached, then the process continues along the path marked y to 
a process step 63. In the process step 63, the base elements in the first region which have 
not yet been assigned any value are assigned the value 1 . In the subsequent process step 
64, the words associated with these base elements, in the first data element, in which the 
repetition factor for the second data element is stored, are assigned the value zero and the 
second data element is assigned the value 255. In a concluding step 65, the process is 
ended and the then completed data packet 10 is stored. The assignment in process step 64 
is selected in such a way that the corresponding data elements are labeled as having been 
stored in compressed form and consequently, the data element which corresponds to the 
value 255 is repeated zero times. During decompression, a check can be made at this 
point as to whether the data packet was correctly completed in this storage operation or 
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whether a possible corruption of the data file has occurred. In heu of the value 255, an 
arbitrary value can also be selected for the second data element since this data element 
does not appear in the decompression of the data sequence. Thus in the last word of the 

last data packet of a compressed data sequence, for example, the total number of data 
5 packets which make up an image can be stored at this point. 

If the end of the data sequence has not yet been reached in the first decision step 
62, then the process continues along the path n. In a subsequent process step 66, a 
compression counter is then assigned the value 1 . The compression counter serves to 
determine the number of times an element is repeated in succession in the data sequence. 
In a subsequent, second decision step 67, a check is made as to whether the current data 
element is identical to a subsequent data element in the data sequence. If this is the case, 
then the process follows the path y to a subsequent, third decision step 68. In the third 
decision step 68, a check is made as to whether the compression counter is lower than 
255. If this is the case, then the process continues along the path y and in a subsequent, 
fourth decision step 69, a check is made as to whether the data element after the next in 
the data sequence is the last data element in the data sequence. If this is not the case, then 
the process moves fi^om the fourth decision step 69 along the path n to process step 70. In 
the process step 70, the compression counter is increased by 1. Furthermore, in a 
subsequent process step 71, the next data element in the data sequence is established as 
the current data element. Then the process is continued with the second decision step 67. 

If, in the second decisio?.i step 67, the next data element following in the data 
sequence after the current data element is not equal to the current data element or if, in 
25 the third decision step 68, the compression counter has a value greater than 255, then the 
process is continued with a fifth decision step 72. In the fifth decision step 72, a check is 
made as to whether the compression counter has a value greater than 1. If this is the case, 
then in a process step 73, the current base element in the first region of the data packet 
has the value 1. In a subsequent process step 74, the value of the compression counter in 
30 the first data element is stored in the word associated with the base element in the second 
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region of the data packet and the current data element of the data sequence is stored in the 
second data element of the associated word. Then the process moves to a sixth decision 
step 78, If the compression counter does not have a value greater than 1, then the current 
base element from the fifth decision step 72 is stored with the value 0 in a process step 
75. hi a subsequent process step 76, the current data element of the data sequence is 
stored in the first data element of the word associated with the base element stored in the 
process step 75. The next data element of the data sequence is stored in the second data 
element of the same word. Li a subsequent process step 77, the data element after the next 
is selected as the current data element. Then the process likewise moves on to the sixth 
decision step 78. 

The sixth decision step 78 is likewise reached when, in the fourth decision step 
69, it is determined that the data element after the next, starting from the current data 
element, is the last in the data sequence. Before the decision step 78 is reached, in this 
instance starting from the fourth decision step 69, the current base element in the first 
region of the data packet is initially set to the value 1 in a process step 81. In a process 
step 82 subsequent to this process step 81, before the sixth decision step 78 is reached, in 
the associated word, the value 1 is stored in the first data element and the data element of 
the data sequence in the queue for storage is stored in the second data element. Then the 
process likewise moves to the sixth decision step 78 in which a check is made as to 
whether the data packet is now completely fiill. If this is not the case, then the path n is 
selected and the process moves to a process step 79 in which the next base element 
following the current base element is estabhshed as the current base element in the first 
region of the data packet. Then the process moves on to the process step 66. By contrast, 
if it is determined in the sixth decision step 78 that the data packet is completely full, then 
the path y is followed and the entire data packet is stored in a process step 80. Then the 
process moves on to the process step 61 and a subsequent data packet is filled. 

Fig. 5 shows a method according to the invention for decompressing a data 
packet. In a first process step 40, the process is initialized and a data packet is 
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transmitted. In a subsequent, second process step 41, the first region of the data packet is 
copied in a memory of the decompression unit and a reference to the first region of the 
data packet is produced, which is stored in the memory 34. In addition, an index counter 
is set to zero. Each value of the index counter that is greater than zero is associated with a 
data element in the first region of the data packet. The base element which corresponds to 
the respective existing value of the index counter is the respective current data element. In 
a subsequent, third process step 42, the index counter is increased by 1, In a subsequent 
process step 43, the base element that is associated with the current value of the index 
counter and is from the first region of the data packet and the associated word, i.e. the two 
data elements of the word, are copied into the memory, if such a base element or word 
exists; the memory is advantageously associated with the decompression device 30. In a 
subsequent, first decision step 44, a check is made as to whether the index counter has 
exceeded the maximal number of base elements per data element. If this is the case, then 
the process moves along the path y to a second decision step 50. Here, a check is made as 
to whether there are other data packets. This can, for example, by means of a reference, 
appended to each data packet, to a subsequent data packet, for cases in which there is 
such a data packet. For cases in which there is no such data packet, a reference to an 
empty data packet is also possible. If there is another data packet, then the process moves 
back to the second process step 41 (path y from the second decision step 50). If there is 
no other data packet, then the process moves from the second decision step 50 along the 
path n, to a final step 51. The data sequence is thus completely decompressed and is 
disposed in a temporary storage. If the data sequence represents a compressed image, then 
this temporary storage is the image memory 32 of the display unit 33. 

If it is determined in the first decision step 44 that the index counter has not yet 
exceeded the maximal number of base elements, then from there, the process follows the 
path n to a third decision step 45. In this third decision step 45, a check is made as to 
which value the current base element has. For the case in which it has a value of zero, the 
process moves along the path n to a process step 46. In this process step 46, the first data 
element of the word associated With the current base element is considered to be an 
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element of the originally compressed sequence and is added to a partial sequence which 
has been decompressed up to this point. If the data elements relate to image data, then the 
first data element of the word associated with the base element is copied into the image 
memory 32 of the display unit. Subsequently, in a process step 47, an allocation address 
for the image memory is increased so that subsequent data elements are written into the 
image memory at a subsequent point. In a subsequent process step 48, the second data 
element of the word associated with the current base element is copied into the image 
memory. Then, in a process step 49, the allocation address for the image memory 32 is 
likewise increased again. Then, the process continues with the second process step 42. If, 
in the third decision step 45, it is determined that the current base element has the value 1, 
then the process moves along the path y to a process step 52. In this process step 52, a 
count variable is assigned the value of the first data element of the word associated with 
the current base element. In a subsequent, fourth decision step 53, a check is made as to 
whether the counting variable has the value zero. If the counting variable does have the 
value zero, then the process follows the path y and as after the process step 49, the 
process is continued with the third process step 42. If the counting variable has a value 
not equal to zero, then the process moves along the path n from the fourth decision step 
53. In a process step 54, the second data element of the word associated with the base 
element is copied into the image memory. In a subsequent process step 55, the allocation 
address of the image memory 32 is increased. In an additional process step 56, the 
counting variable is decreased by 1. Then the process is continued with the fourth 
decision step 53. 



12 



